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If Report No. L0414-01-23

This is the twenty-third in a series of informal monthly progress

reports submitted in partial fulfillment of Contract DA-O4-495-ORD-3069.

It constitutes the seventh monthly progress report for the one-year

U continuation of the original two-year program.

This report covers the period 1 April through 30 April 1963. It was

V written by R. B. Setterlund who was supervised by A. Rubin.

AERPT-GENF•T CORPORATION

P.L. or' n , e'ad
Metallcc and Refractories Dept.
Structural Materials Division

L

V
f NOTE: The information contained herein is regarded as preliminary and

subject to further checking, verification, and analysis.
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SReport No. L0414-01-23

I. OBJECTIVES

[1The objectives of this program are outlined below:

A. Investigation of the stress-corrosion cracking characteristics of

U at least three new high-strength alloys of interest for rocket motor case

applications. These alloys are 6AI-4V titanium, 18%-nickel maraging steel, and.

20%-nickel maraging steel, in addition to limited testing of vacuum-melted

9Ni-4C0 steel.

B. Study of the environmental parameters that could affect the rate

and extent of stress-corrosion cracking.

f C. Determination of the effect of material parameters (composition,

strength level, welding, and microstructure) on stress-corrosion susceptibility.

SD. Continuation of the evaluation of protective coatings and other

techniques for preventing stress-corrosion cracking.

SII. SUMMARY

Results obtained t 9 date indicate that the 6Al-4V titanium alloy is immune

Iito stress-corrosion cracking in the annealed, quenched and aged and as-welded

conditions.

The 20*-nickel maraging steel is found to be highly susceptible to stress-

corrosion cracking in the annealed-and-aged condition. Welding and aging the

ii material causes it to become more susceptible. all failures occur>in the heat-

affected zone of the weld. When the alloy is cold-worked 50 or 75% before aging,

the resistance to stress-corrosion cracking is greatly increased.

The 18%-nickel maraging steel was also found to be susceptible to stress-

corrosion cracking. While the 18%-nickel grade was found to have a longer time-

to-failure than the annealed-and-aged 20%-nickel steel in the distilled water,
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JF• Report No. 1L0414-01-23

II Summary (cont.)

Ssalt water., seacoast air, trichloroethylene, and 140°F water-saturated air envi-

ronments, it showed some failures in tap water, chromate solution and. soluble

oil solutions where the 20e-nickel grade was not affected. As with the 20%-

nickel steel it was found that prior cold-working decreased the stress-corrosion

cracking susceptibility.

Fifteen coating systems designed to prevent stress-corrosion cracking are

tu-under evaluation over H-11 steel, heat-treated to give high failure susceptibil-

ity. The most promising systems are the two inhibited epoxy and one pure vinyl

[i system.

III. WORK PROGRESS

SA. INTRODUCTION.

Since the initiation of the original test program, two years ago,

1 to investigate the stress-corrosion cracking characteristics of high-strength

alloys, a number of new high-strength steels have been receiving increased atten-

tion for use in constructing rocket motor cases. The third-year test program is

directed to the study of three of these new alloys, as well as of one titanium

alloy presently being used for the same application.

The test environments, substantially the same as those evaluated

Jin the original two-year investigation, are as follows: (1) distilled water;

(2) tap water; (3) salt water; (4) sodium dichromate-inhibited water; (5) soluble

V oil-inhibited water; (6) air; (7) high humidity atmosphere; (8) trichloroethylene;

(9) cosmoline; and (10) solid propellant. These are considered to be environments

representative of those to which rocket motor cases would normally be exposed

auring fabrication, processing, and storage. One additional environment is in-

cluded in the new program, that of sea-coast atmospheric exposure.

The test methods being used in this investigation employ bent-beam,v! U-bend, and center-notched specimens. Evaluation of results includes microstruc-

tural studies, using both standard metallographic and electron microscopic tech-

niques, to attempt to associate the failure mechanism with specific- microstructural

S-characteristics of the materials.

j Page2



Report No. L0414-01-23,

III Work Progress, A (cont.)

SAn evaluation of protective coatings and surface treatments to pre-

vent stress-corrosion cracking is also being conducted.

B. PROGRAM STATUS

During the period covered by this report, four more groups of bent-
"beam samples of maraging steels were placed in test. These are: Group 1-4 on

y 9 April, Group 1-2 on 15 April, Group H-W on 30 April, and Group I-W on 8 May.

(These code numbers refer to Table I designations of processing condition')

These bent-beam samples are now in test in all environments except seacoast[• atmospheric exposure. Seacoast testing on these four groups of specimens will

start on 20 May.

L] Center-notch testing of the maraging steels has been continued during

the last monthly period. Also, evaluation of the mechanical properties of one

heat of 9Ni-4Co vacuum cast alloy has been made (Code J-1 in Table 1); stress-

corrosion testing of this material wiil start within the next month.

Chemical- and mechanical properties of the four materials being

evaluated in the program are shown in Tables 2 through 4.

Results of the bent-beam and center-notch tests run to date are

shown in Tables 5 through 18. Microexaminations of bent-beam failures of welded-

and-aged 20%-nickel maraging steel indicate that all failures occur in the weld

heat-affected-zone. A section made of a failed specimen of welded 18%-nickel

steel indicates that the failure occurs in the weldment. In both the 18%- and

20%-nickel steels failures of annealed samples are of an intergranular branching

pattern as indicated in earlier reports. When either the 18%-.or 20%-nickel

steels were cold-worked before aging, it was found that its susceptibility to

stress-corrosion. cracking was reduced and, at the same time, the mode of cracking

i_ changed from intergranular to possible cracking along the slip planes. This effect

was most clearly shown with the 20%-nickel grade of maraging steel. Photomicro-

ju graphs of both of these types of failures were included in the last quarterly

report.

The results of the coating evaluation program is shown in. Table 19.

Fifteen different coatings Are under test in three environments: aerated 3% N Cl

j.Page 3
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III Work Progress, B (cont.)

solution, 140°F water-saturated air, and outdoor seacoast exposure. As can be

seen in Table 19, no single coating has been able to prevent stress-corrosion

cracking in all three environments completely. However, based on data accumulated

to date, the best coatings, two inhibited-epoxy systems, 454-1-1 and 463-1-5

$7 and pure vinyl Type 33, have significantly delayed failure of highly susceptible

H-11 steel specimens and are considered to be very promising.

L IV. FUTUREWORK

Work will continue along the guidelines of the master plan shown in Table 1.

{• Both bent-beam and center-notched specimens will. be tested to fulfill as much as

possible of this schedule. Only the 9Ni-4Co alloy remains to be tested. This[ testing will be only exploratory due to the lateness of the delivery of the alloy.

Metallographic sections of selected cracked samples have been photographed

and presented in the last quarterly report. In addition, photomicrographs will be

made on cracked 18%- and 20%-nickel maraging steel welded samples.

I] Three samples were studied by means of the electron microscope, utilizing

fracture replicas. Selected fractographs were presented in the last quarterly

report. For the final report an additional set of fractographs are being prepared

using a failed sample of annealed-and-aged 18%-nickel maraging steel.

V. BUDGET

The expenditure rate for the month of April was 272 hours, leaving 207 hours

for the final two months of May and June.

.1 Page 4
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Report No. 0414-01-23

TABLE 3

CHEMICAL ANALYSIS AND MECHANICAL PROPERTIES
I OF 6Al-4V TITANIUM

Chemical Analysis, %
C Al V 02 N2 2 Ti Fe Other

Aerojet analysis 0.3 6.1 4.1 0.083 0.014 80 ppm Bal 0.16 0.18

Mechanical Properties (Transverse)

Yield Strength Ultimate Elon- c
(0.2% Offset) Strength gation Hard-

psi psi % ness

Annealed

Mill report 131,900 141,400 12 33.5

Aerojet test 138,000 143,800 14 34

Notched tensile strength -- 128,500 - -

1675°F 1 hour, W.Q. aged 900°F 8 hour

Aerojet test 162,700 176,800 7 38.5

Notched tensile strength -- 132,000 - -

j Welded

Aerojet test 131,500 135,200 9.5 33.0

I*
Titanium Metals Corporation HT 4141.

Using as-fatigue-cracked sample of Figure 3.

Tensile failures in parent metal.

I• Table 3
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Report No. L0414-01-23

TABLE 4

CHEMICAL ANALYSIS AND MECHANICAL.PROPERTIES OF
9Ni-4Co VACUUM CAST ALLOY

T Mill Certified Chemical Analysis

C Mn P 5 Si Co Ni Cr Mo V

0.30 0.23 0.006 0.007 0.02 4.10 8.65 0.43 0.35 0.10

Mechanical Properties (Transverse) Aerojet Tests

Ultimate
Yield Strength Tensile

(0.24 Offset) Strength Elongation % Reduction Rc
Condition ksi ksi % of Area Hardness

(Austenitized 1550°F
in argon - oil
quenched 2 hours
double temper at
temperatures shown)

f 400 0 F 190.3 230.3 8 52 48

6000F 184.6 203.0 7 54 43

800'F 172.4 186.7 9 59 41

l00000°F 176.7 187.1 11 60 4o.5

Republic Heat 3950924

Table 4
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Report No. L0414-01-23

TABLE 5

BENT BEAM TESTS, STRESS-CORROSION*CRACKING IN
AERATED DISTILLED WATERT

Yield
Code Strength Failed! Failure. time, hours.

Material Variable No. ksi Tested Mean Range

6A1-4V Titanium Annealed G-1 138.0 0/3"** - NF1700

6AI-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700

6A1-4V Titanium As-welded G-W 135.0 0/2 - NF750

" 20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/3 11 10.2-18

50% CW & Aged H-2 321.0 1/3 330 330-NF1600S75% CW & Aged H-3 293.3 3/3 2918- 1284-3450
20%-Ni Maraging Steel Welded & Aged H-W 245.0 3/3 83 23-200

18% -Ni Maraging Steel Annealed & Aged 1-4 249.9 3/3 68 60-85

16 255.4 0/3 - NF1200

I-i 283.0 3/3 34.5 20.5-46.5

Anne led & Aged 1-8 323.2 3/3 24 20-27.5

50% CW & Aged 1-5 278.0 0/3 - NF1200

18%-Ni Maraging Steel 1-2 302.5 0/3 - NI&:.

1-7 331o0 0/3 - NF1200

T 1-3 323.0 4/4 625 440-988

50% CW & Aged 1-9 354.4 1/3 668 668-NF1200

i18-Ni Maraging Steel Welded & Aged I-W 236.6 3/3 343 310-360

Nbtes:jAll samples stressed to give a maximum outer fiber stress of 75% of the 0.2%

offset yield strength.

Refers to code letter in master schedule, Table 1.

Indicates no failures of three samples exposed.

Table 5



Report No. L0414-01-23

TABLE 6

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
AERATED TAP WATER*

I Yield
Code Strength Failed/Failure Time, hours

Material Variable No. kR-h Tested Mean Range

6A1-4V Titanium Annealed G-1 138.0 0/3** - NF1700

L 6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700

6A1-4V Titanium As-welded, G-W 135.0 0/2 - NF750

S20%-Ni Maraging Steel Annealed & Aged H-1 291.3 0/3 - NF3100

50% CW & Aged H-2 321.0 1/3 330 330-NF1600

75% CW & Aged H-3 298.3 2/3 2200 1284-NF3100

I 20%-Ni Maraging Steel Welded & Aged H-W 245.0 3/3 5.2 3.3-6.5

18%-Ni Maraging Steel Annealed & Aged 1-4 249.9 0/3 - NF980

I I Annealed & Aged I-i 283.0 2/3 350 325-NF2000

50% CW & Aged 1-2 302.5 0/3 - NF840

T 50% CW & Aged, 1-3 323.0 0/3 - NF2000

* 18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 - NF400

Notes: ...

All samples stressed to give a maximum outer fiber stress of 75% of the
0.2% offset yield strength.

Refers to code letter in the master schedule, Table 1.

Indicates no failures of three samples exposed.

- Table 6
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TABLE 7

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN41 AERATED SALT WATER*

Yield.
Code Strength Failed/Failure Time, hours

Material Variable No.** ksi Tested Mean Range

6A1-4V Titanium Annealed G-1 138.0 0/3)(( - NF1700

6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700

6A!-4V Titanium As-welded G-W 135.0 0/2 - NF750

20%-Ni Maraging Steel Annealed & Aged H-i 291.3 3/3 7.3 6-8.5

1 50% CW & Aged H-2 321.0 0/3 - NF1600

75% CW & Aged H-3 298.3 0/3 - NF3100

20%-Ni Maraging Steel Welded & Aged H-W 245.0 3/3 0.8 0.75-0.85

18%-Ni Maraging Steel Annealed & Aged 1-4 249.9 3/3 430 140-700

1 1-6 255.4 0/2 - NF1200

1-1 283.0 3/3 51.5 19-100

Annealed & Aged 1-8 323.2 2/2 6.5 6-7

50% CW & Aged 1-5 278.0 0/2 - NF1200

1-2 302.5 0/3 - NF840

1-7 331.0 0/2 - NF1200

1-3 323.0 2/3 1290 1000-NF2000- 2 /54.42/ 0[ 50%, CW & Aged 19 25. 2/ 20 20-2

18%-Ni Maraging Steel Welded & Aged I-W 236.6 4/4 121 115-139

Notes:
All samples stressed to give a maximum outer fiber stress of 75% of the 0...2%

_:offset yield strength.

L *Refers to code letter in master schedule, Table 1.

Indicated no failures of three samples exposed.

Table 7
T
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TABLE 8

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
T AERATED 0.25% SODIUM DICHROMATE*

i. Yield
Code Strength Failed/ Failure Time, hours

Material Variable No.** ksi Tested. Mean Range

6A1-4V Titanium Annealed G-1 138.0 0/3** - NF1700

6AI-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700

6A1-4V Titanium As-welded G-W 135.0 0/2 - NF750

20%-Ni Maraging Steel Annealed & Aged H-1 291.3 1/3 1.0 1-NF3100

50% CW & Aged H-2 321.0 0/3 - NF1600
75% CW & Aged H-3 298.3 0/3 NF3100

20%o-Ni Maraging Steel Welded & Aged H-W 245.0 0/3 - NF500

18%-Ni Maraging Steel Annealed & Aged I-4 249.9 0/3 - NF980

I Annealed & Aged I-i 283.0 3/3 117 100-150

50% CW & Aged 1-2 302.5 0/3 - NF840

T 504 CW & Aged 1-3 323.0 0/3 - NF2000

18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 - NF400

L

Notes:
* All samples stressed to give a maximum outer fiber stress of 75% of the 0.2%
offset yield strength.

Refers to code letter in master schedule, Table 1.

Indicated no failures of three samples exposed.

Table 8



Report No. L0414-01-23

TABLE 9

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
4% SOLUBLE OIL SOLUTION*

Yield
Code Strength Failed/. Failure'.Timp, hours

Material Variable No.** ksi Tested Mean Range

6Al-4V Titanium Annealed G-1 138.0 0/3*** - NF1700

6AI-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700

6AI-4V Titanium As-Welded G-W 135.0 0/2 - NF750

20%-Ni Maraging Steel Annealed & Aged H-1 291.3 0/2 - NF2000

S20%-Ni Maraging Steel 50% CW & Aged H-2 321.0 0/3 - NF1600

20%-Ni Maraging Steel 7% CW & Aged H-3 298.8 0/3 - NF2000

20%-Ni Maraging Steel Welded & Aged H-W 245.0 0/3 - NF500

18%-Ni Maraging Steel Annealed & Aged 1-4 249.9 0/3 - NF980

Annealed & Aged 1-1 283.0 3/3 417 400-450

505 CW & Aged 1-2 302.5 0/3 - NF840

501 CW & Aged 1-3 323.0 0/3 - NF2000

18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 - NF400

II

I Notes:

All samples stressed to give a maximum outer fiber stress of 75% of the 0.24
I offset yield strength.

Refers to code letter in master schedule, Table 1.

Indicates no failures of three samples exposed.

17 Table 9
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TABIE 10

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
140'F MOISTURE-SATURATED AIR*

If Yield
Code Strength Failed/ Failure Time, hours

Material Variable No.** ksi Tested Mean Range

6A1-4V Titanium Annealed G-1 138.0 0/3** - NF1700

6AI-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700

6A1-4V Titanium As-welded G-W 135.0 0/2 - NF750

20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/3 100 22-174

1/50% CW & Aged H-2 321.0 1/3 1410 1410-NF1600

75% CW & Aged H-3 298.3 3/3 1200 1080-1860

S20%-Ni Maraging Steel Welded & Aged H-W 245.0 3/3 10 1-14

18%-Ni Maraging Steel Annealed & Aged 1-4 249.9 3/3 370 170-475

1-6 255.4 3/3 280 212-362

/-1 283.0 3/3 21 20.5-21.5

Annealed & Aged 1-8 323.2 3/3 56.5 25.5-72

50% CW & Aged 1-5 278.0 0/3 - NF1200

1-2 302.5 2/3 360 3.40-NF840

1-7 331.0 0/3 - NF1200

1-3 323.0 3/3 260 245-290

50% CW & Aged 1-9 354.4 3/3 833 560-100

18%-Ni Maraging Steel Welded & Aged I-W 236.6 3/3 131 115-139F

Notes:
*All samples stressed to give a maximum outer fiber stress of 75% of the 0.24
offset yield strength.

Refers to code letter in master schedule, Table 1.

v Indicates no failures of three samples exposed.

Table 10
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- TABLE ii

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
TRICHLOROETHYLENE IMMERSION*

I] Yield
Codg. Strength Failed/ Failure Time, hours

Material Variable No. ksi Tested Mean Range

6A1-4V Titanium Annealed G-1 138.0 0/3s* - NFI150

6AI-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1150

6A1-4V Titanium As-welded G-W 135.0 0/2 - NF1150

L20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/3 742 550-960

50% CW & Aged H-2 321.0 0/3 - NF1150

75% CW & Aged H-3 293.3 0/3 - NF1150

120%-Ni Maraging Steel Welded & Aged H-W 245.0 3/3 48 40-64

18%-Ni Maraging Steel Annealed & Aged 1-1 283.0 2/3 610 550-NFI150

[ 504 CW & Aged 1-2 302.5 0/3 - NF480

50% CW & Aged I-3 323.0 0/3 - NF1150

18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/3 - NF400

U
Notes:

All samples stressed to give maximum outer fiber stress of 75% of 0.2%
offset yield strength.

Refers to code letter in master schedule, Table 1.

Indicates no failures of three samples exposed.

Table 11
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TABLE 12

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
COSMOLINE IMMERSION*

Yield
Code Strength Failed/ Failure Time, hours

Material Variable No.** ksi Tested Mean Range

6A-4IV Titanium Annealed G-1 138.0 0/3 - NF1700

6A1-4V Titanium Quenched & Aged G-2 163.0 0/3 - NF1700

£6A1-4V Titanium As-welded G-W 135.0 0/2 - NF750

20o-Ni Maraging Steel Annealed & Aged H-li 291.3 0/3 - NF2000

50% CW & Aged H-2 321.0 0/3 - NF1000

175% CW & Aged H-3 293.3 0/3 - NF2000

20*-Ni Maraging Steel Welded & Aged H-W 245.0 0/0 -

18%-Ni Maraging Steel Annealed & Aged 1-4 249.9 0/3 - NF980

Annealed & Aged 1-1 283..0 0/3 - NF2000

54o CW & Aged 1-3 323.0 0/3 - NF2000

18%-Ni Maraging Steel Welded & Aged I-W 236.6 o/o --

{ Notes:
* All samples stressed to give maximum outer fiber stress of 75% of 0.2%
offset yield strength.

Refers to code letter in master schedule, Table 1.

Indicates no failures of three samples exposed.

Table 12
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TABLE 13

BENT BEAM TESTS, STRESS-CORROSION CRACKIENG IN
E7 LABORATORY AIR*

Yield
Codj. Strength Failed/ Failure Time, hours

Material Variable No. ksi Tested Mean Range

L 6A1-4V Titanium Annealed G-1 138.0 0/0 -

6A1-4V Titanium Quenched & Aged G-2 163.0 0/0 -

S6A1-4V Titanium As-welded G-W 135.0 0/2"** - NF750

20%-Ni Maraging Steel Annealed & Aged H-1 291.3 0/3 - NF3100

50% CW & Aged H-2 321.0 0/2 - NF1600

75% CW & Aged H-3 293.3 0/3 - NF3100

20%-Ni Maraging Steel Welded & Aged H-W 245.0 0/3 - NF170

18%-Ni Maraging Steel Annealed & Aged 1-4 249.9 0/0 -

1-6 255.4 0/2 - NF1200

I-1 283.0 0/3 -- NF2000

Annealed & Aged 1-8 323.2 0/1 - NF1200

50% CW & Aged 1-5 278.0 0/1 - NF1200

1-2 302.5 0/0 - -

1-7 331.0 0/2 .. NF1200

1-3 323.0 0/3 - NF2000

} 50% CW & Aged 1-9 354.4 0/2 - NF1200

18%-Ni Maraging Steel Welded & Aged I-W 336.6 0/3 - NF400

Notes:

All samples stressed to give a maximum outer fiber stress of 75% of the 0.2%
offset yield strength.

**Refers to code letter in master schedule, Table 1.

Indicates no failures of two samples exposed.

Table 13I
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TABLE 14

BENT BEAM TESTS, STRESS-CORROSION CRACKING IN
SEACOAST ATMOSPHERIC EXPOSURE*

S~YieldI Cod.*_ Strength Failed/ Failure Time, hours

SMaterial Variable No. ksi Tested Mean Range

6A1-4V Titanium Annealed G-1 138.0 0/3** - NF1400

6A1-4V Titanium Quenched & Aged. G-2 163.0 0/3 - NF1400
6A1-4V Titanium As-welded G-W 135.0 0/2 - NF1400

- 20%-Ni Maraging Steel Annealed & Aged H-1 291.3 3/3 140 116-188

1|50o CW & Aged H-2 321.0 3/3 1034 800-1150

75% CW & Aged H-3 293.3 3/3 1000 860-1150

11 204-Ni Maraging Steel Welded & Aged H-W 245.0 0/0 - -

18%-Ni Maraging Steel Annealed & Aged 1-6 255.4 0/2 - NF1400

Annealed & Aged. I-1 283.0 6/6 380 312-450

Annealed & Aged 1-8 323.2 2/2 700 350-1050

50% CW & Aged 1-5 278.0 0/2 - NF1400

1-2 302.5 0/0 --

1-7 331.0 0/2 - NF1400

1-3 323.0 0/3 - NF1400

50% CW & Aged 1-9 354.4 0/2 - NF1400

S18%-Ni Maraging Steel Welded & Aged I-W 236.6 0/0 -

Notes:
*All samples stressed to give a maximum outer fiber stress of 75% of 0.24

offset yield strength.

Refers to code letter in master schedule, Table 1.

Indicates no failures of three samples exposed.

¶1Table 14
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IiTABLE 15

CENTER NOTCH TESTS, STRESS-CORROSION CRACKING INf0.25% SODIUM DICHROMATE

Codjý K c  Yiled/ Failure Time, hours
Material Variable No.- ksi in Tested Mean

S6A1-4V Titanium Annealed G-1 85.0 0/2* - NF1O0

6Al-4V Titanium Quenched & Aged G-2 86.2 0/2 - NF1O0

20%,-Ni Maraging Steel Annealed & Aged H-1 39.3 0/2 - NF200

20%-Ni Maraging Steel 50% CW & Aged H-2 24.5 0/0 - -

j 20%-Ni Maraging Steel 75% CW & Aged H-3 20.5 0/2 - NF1O0

18%o-Ni Maraging Steel Annealed & Aged I-4i 133,.0 0/1 - NFlO0

T Annealed & Aged I-1 121.0 1/1 67.9 -

Annealed & Aged 1-8 103.8 1/1 37.7
50% CW & Aged 1-5 107.2 0/1 - NF200

1-2 92.2 0/0 - -

18 1-7 119.0 0/2 - NFlOO

18%-Ni Maraging Steel 50% CW & Aged 1-3 76.4 1/1 33.2

Notes:

All samples given direct load of 75% of K.

Refers to code letter in master schedule, Table 1.

Indicates no failures of two samples tested,

I- Table 15
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i TABLE 16

CENTER NOTCH TESTS, STRESS-CORROSION .RACKING IN
3% SODIUM CHLORIDE SOLUTION

[ K
Cod$ C Failed/ Failure Time, hours

Material Variable No. ksil in Tested. Mean Range

6A1-4V Titanium Annealed G-1 85.0 0/2 - NF100

6A1-4V Titanium Quenched & Aged. G-2 86.2 0/2 - NF1O0

20%-Ni Maraging Steel Annealed & Aged. H-i 39.3**** i/i 4.2

[ H-1 39.3 2/2 7.2 6.6-7.8

H-1 39.3 1/1 8.2 -

Annealed & Aged. H-1 39.3 1/1 12.7 -

[ 50% CW & Aged H-2 24.5 2/2 14.0 8.20

20%-Ni Maraging Steel 75% CW & Aged. H-3 20.5 2/2 40.2 34.4-46

[18%-Ni Maraging Steel Annealed & Aged 1-4 133.0 1/1 7.8 -

1-4 133o0 2/2 12.3 9.5-15.2

{1-4 133.0*-*(* 1/1 64 -

1-6 129.5 3/3 22 10-35

.1-1 121.0 2/2 20.6 18-23

Annealed & Aged 1-8 103.2 2/2 8.8 8.3-9.3
50% CW & Aged 1-5 107.2 2/2 13.4 12,5-14.2

1I J 1-2 92,2 2/2 7.2 7.2-7.2

1-7 119-0 3/3 9.9 4.4-12.9

W 1-3 76.4 2/2 5.9 5.0-6.9
18%-Ni Maraging Steel 50% CW & Aged. 1-9 64.4 2/2 4.5 5.0-4.0

Notes:
All samples given direct load. of 75% of Kc except as noted.

**

Refers to code letter in master schedule, Table 1.
Indicates no failures of two samples tested.

Tested at 83% of K.

_ Tested. at 60% of K.

Tested at 27% of Kc.
0

Ii Table 16
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TABLE 17

CENTER NOTCH TESTS, STRESS-CORROSION CRACKING IN
T DISTILLED WATER*

Code K Failed/ Failure Time, hours
Material Variable No.* ksifin Tested Mean Range

6A1-4V Titanium Annealed G-1 85.0 0/3* - NF100

6A1-4V Titanium Quenched & Aged G-2 86.2 O/3 - NFIO0

20%-Ni Maraging Steel Annealed & Aged H-1 39.3 3/3 5..i 4.6-6.6

20%-Ni Maraging Steel 50% CW & Aged H-2 24.5 0/0 -

20%-Ni Maraging Steel 75% CW & Aged H-3 20.5 1/3 121 121-NF300

18%-Ni Maraging Steel Annealed & Aged 1-4 133.0 0/0

Annealed & Aged 1-6 129.5 0/1 - NF200

Annealed & Aged 1-1 121.0 3/3 85.3 83-87

4501 CW & Aged 1-5 107.2 0/1 - NF200

1-2 92.2 2/2 17.1 16.6-17.6

1-7 119.0 0/0 -

1 /-3 76.4 2/2 13.2 12.6-13.8
18%-Ni Maraging Steel 50% CW & Aged 1-9 64.4 O/0 -

I Notes:

All samples given direct load of 75% of K .

Refers to code letter in master schedule, Table 1.

Indicates no failures of three samples tested.

Table 17
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TABLE 18

CENTER NOTCH TESTS, STRESS-CORROSION CRACKING IN

IL4% SOLUBLE OIL SOLUTION*

Code K Failed/ Failure Time, hours

Material Variable No.** ksi•-n Testcd Mean Range

6A1-4V Titanium Annealed G-1 85.0 O/l*** - NF1O0

6AI-4V Titanium Quenched & Aged G-2 86.2 0/i - NF100

20%-Ni Maraging Steel Annealed & Aged H-i 39.3 0/2 - NF200

20%-Ni Maraging Steel Annealed & Aged H-2 24.5 0/0 - -

S20%-Ni Maraging Steel 75% CW & Aged H-3 20.5 0/1 - NFI00

18%-Ni Maraging Steel Annealed & Aged 1-4 133.0 0/1 - NF100

Annealed & Aged I-i 121.0 0/0 -

50% CW & Aged 1-2 92.2 0/0 -

18%-Ni Maraging Steel 50% CW & Aged 1-3 76.4 o/o -

I

Notes:

All samples given direct load of 75% of K.

Refers to code letter in master schedule, Table 1.

Indicates no failure of one sample tested.

Table 18

'I



Report No. Lo414-O1-23

0 00 0 00

ol II INONmC

O H z 0 0 0
Q a ]2) LAI I I H 1 \0ý CMI a3 1 1 1 1 1 1 r

8g 0)8
2) L \0 H 'L0 '. r OLO 0

8AO C-Lj CO L
00 I \'D 8 _:f 0\ 0' 0ArO H 0-

r",-C-\ 0 (T, O1.0 LAi

Hr, 01 co\ l L lA L±N CL] (Li]H ] ' CL] C] ] CL L

LA 00 I 0L

2-i -0 C'1 CLI c 0 f, i
ux HH\ H- Hl - HO-\OL ICD LA

00

I1 -N , CO Cj rI '

cu] 8. 0 _ H1 , r\ I 4 r . \ -4,H t-H co'3 r

[j n244 0' ý N uC) cuc H 03 OHj N 0 0

0 tr 2)r 00S i uc

C? 0: H -.4

'00
0 I_2) 4,1 a). b 4La) ]

CW) 10)1 0 , 0

H 00I 0i U
1) CO 

t '

j1 P.,e 19 -, ,N 0 -


